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1）硅限制对多列拟菱形细胞周期存在影响。硅限制培养 48 h 后，75%的多
列拟菱形藻细胞周期停滞在 G2 期。重新加入硅后，细胞同步化生长。 
2）多列拟菱形藻在细胞分裂周期中硅化作用的变化特点表现如下：同步化
培养的第 5 h 是合成硅质壁的活跃期，整个细胞分裂需要 10 h 左右。 
3）选取同步化培养 5 h 时间点作为实验组，以 0 h、4 h、6 h 作为参照组，
比较分析细胞全蛋白的表达差异。通过软件分析找到了 48 个差异蛋白点。经质



























Diatoms are eukaryotic unicellular microalgae. They can uptake silicic acid from 
the environmental and synthesis silica cell wall. As its unique characteristic, the 
mechanism of diatom silicon metabolism has become a hot research topic during 
these decades. 
In the present work, we investigated the response of cellular biochemistry to 
silicon deficiency in diatom through slilicon limited method using Pseudo-nitzschia 
multiseries as a model. The variation of silicon uptake during the cell cycle was 
measured with silicon molybdenum yellow method. At the same time, the process 
formation of the cell wall formation was observed using the flow cytometry and 
fluorescence microscope. Furthermore, proteins involved in the bio-silicification 
process of Pseudo-nitzschia multiseries were analyzed by comparative proteomic 
approach towards the additional understanding of cellular mechanisms underlying 
bio-silicification process. The main results showed as follows: 
1) After 48 h of silicate starvation, flow cytometry measurements indicated that 
75% of the cells were arrested in the G2 phase of the cell cycle and then upon 
silicate replenishment the cell cycle set off synchronously. 
2) The results showed that cells mainly synthesized the new valves at 5 h after 
silicon replenish. The procedure of whole cell divison needs around 10 h. 
3) Comparison of 2-DE protein profiles of Pseudo-nitzschia multiseries showed 
that 48 different protein spots were differentially expressed, 35 of which were 
analyzed by mass spectrometry. Of 35 analyzed spots, 26 were successfully identified. 
These proteins were involved in photosynthesis, energy metabolism, transcription 
translation, signal transduction, cellular transport, cytoskeleton and other related 
functions. 
4）The possible functions of some identified proteins involved in bio-silicification 















respectively. Both of them were involved in forming the shape of the SDV. Protein 
No.44 was clathrin coat assembly protein, possibly involved in intracellular silicic 
acid transport. In addition, some proteins related to fatty acid β oxidation were found, 
it indicated that fatty acid β oxidation possibly involved in energy supply during 
bio-silicification. 
5) From this study, we assume that the Pseudo-nitzschia multiseries  
bio-silicicfication process is associated with changes in some metabolic pathways 
such as active fatty acid β oxidation and signal transduction, inhibit fatty acid 
synthesis, strengthen photosynthesis, increase cytoskeletal protein and clathrin coat 
assembly protein synthesis. 
 
















2-DE: Two-dimensional gel electrophoresis（双向电泳） 
PAGE: Polyacrylamide gel electrophoresis（聚丙烯酰胺凝胶电泳） 
SDS: Sodium dodecyl surfate（十二烷基磺酸钠） 
TEMED: N,N,N,N-Tetramethylethylenediami（四甲基乙二胺） 
DTT: Dithiothreitol（二硫苏糖醇） 
CHAPS: 3-[（3-Cholamidopropyl）dimethylammonio]-1-propane sulphonate（乙醇 
胺丙基二甲氨基丙磺酸盐） 
Tris: hydroxymethyl methane（三羟甲基氨基甲烷） 
IPG: Immobilized pH gradient（固相 pH 梯度） 
PI: Propidium iodide（碘化丙啶） 
HCCA: α-cyano-4-hydroxy-cinnamic acid（α-氰基-4-羟基肉桂酸） 
MALDI-TOF-MS: matrix-assisted laser desorption ionization-time of flight Mass 
spectrometry（基质辅助激光解析离子飞行时间质谱） 
SITs:  silicon transporters (硅酸转运蛋白)    
SITs:  silicon transporters (硅酸转运子-基因) 
SDV：silica deposition vesicle（硅沉积小泡） 





















































































































图1.1 硅藻的细胞周期 (引自Kröger and Sumper, 2004)[7] 
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